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^ bicdagradabley j>iocCMnputible, rsaorbDble Intuelon 
stent Comprising it teri^olyjner of: 

(b> glycolide, and 

•This invention 1tio1u<3Io£ a lodthorl for treat a ng urotoral 
obstructions or ijnpftlrKtftntd.hy utilising a biod^rad^ble^ 
biocompatible, resorbable iulTx^slon »torit, ana a roorthod for 
contn^lliiig tJ\£L «p«ed of re.Borpticn o^ til* stdnt.. 



'nm. nwTODiwEHTC op tiik zmEivrtM xh which ait excwsive 

PROPBRIPy OH PfllVIIJSeB 13 CiAZM&D ARJ? m?TOl«13 AS FOLLOWS 

a. Jk bilodegra^iibley biQcompatible, resaxbabla, ureteral 

^fctent oomprising ft t^rpolymcr of; 
(a) ii(-)lactide 
{ b ) 9I y col j.dd , &na 
^c) eps.Uon-c!ag>rolaetone, 

vherein said uratorai etesit hos: 

{S) a tc^ttisiltj^ itrencfttt ol; ftt J-eaet about 5D0 pc:!, 
{ii) an elongation greater thnn abuut 10^, An<^ 
(iii) Shor« A havdnesB of about to 100. 

5. The ureteral etent of claim 1, wberein tHe epsilon- 
aaprolactonc! varies from about IS to '^5 weight 

3* TUe urotorai stent, of cjiaiJjBi 1, vhorein tu<i 
lactlde varies fron about 45 to 85 weight t, 

4, The urefcGl-al etent of claifti 1, WhcHtcih thv ijly<?rtli<3o 
vaicif^B from about fi to 20 veight ^r* 

5* *he ureteral stent of claijn l, also* incliiaing about 
5 to 30 voiglit 4 Of a radiojiagud wiatarial. 

6, Tba ureteral 6t6iit of claim 5, whareih aaid 
radiopaque material la finely clivifjacj -bariUTO sulfate # 

I'he ureteral stent of ■ claim 1, wherein the motolua 
varies froni about «000 to- 7000 psi. 

8. The urdtor&l • ctont of claiw 1, bendable into a 
pliable QMicl eat at eanh ^n^. 

The ureteral stent of oiairri i, etdriliisable atid 
capable of oowpouDdMg with radiopaque Materials. 

10, The ureteral etent of claim 1, In transparont form. 



11* The uretor^JLl stent of claim If Wherein the 
torpolymer has o weight average TOolecular weight varying 
frDm about 2 X,000,OC^^-> 

12- A w^thort tf>v trc«tSn^ ureteral obr^tiuctian ur 
iftpAirjnent in a maTOraalian Host by awpXanting therein a 
biodogi"adak>l6, bioccmpabiblo leeorbahle stent between the 
kianey and the bladder^ said *tont having the following 
properties? 

(i) a tensile streuqth of at leaat about .son 

pair 

(ii) an elongation qraatex than about lo*, and' 

(iii) sUoi:e A hflivdnciss of ^bout to 100- 

15 ^ Th« method of claiift 12, wherein the stent <tOjnprises 
a terpolyniQx of: * 

(b) glycolide, and * • 

(c) eiiBilon-caprolacton«. . 

14. The method of claim IS, wherein' the etant h^& the 
folloving properticf-t , . ' 

fa) tanfiile strength greater tha;^ lOflO pai., 
(h) eiong^tiou greater than iootr awd 
fc) Shoire A hardnese of .atiout 75 tp ys." 

15. OJha method of olaim \t, vherein the stent cOKiprtSdS 
of terpolymer of; 

(a> t,C-)lactide, . ' • 

(b) glycolido, and 

(c) epfitXoA-caproXactone, 

The motliod of claifcn 15^ wherein the i:,(-)lactide 
variea from aboqt "43 tt> « 5 weight %. 



Page 1 o 



17, The xtethod of claiw 15, vher^ih th^s giycsoHclft vvirj.oG 
from about: & to 50 W^i^ht ^. 

• JR. The mothod of cl&lm 15, wherein Uie epailon- 
ceipzolactone varies from about to ?.s velcibt 

5 19. Tha ardtfet-al stent of claim 1/ wheroin the 
texpoiyiiDiex has a molt process. decoMiiiositioji .temperature 
greater than or €QUfll to about 23 0'C. 

20. The ureteral stsnt of claim X, . wherein the 
tGrpolyuxer. has a tube extrueion processing tCTOper^iVurv 
10 tbAt variaj? iProm atoout 13S 'to l5p'C; 

" 21 ► T^hC; ur<>tortil .etent of . claim 11, wherein j the 
t^rpoiyiaer has .& vaight average mol ecu la r weigbt d J?.' about 
50,600 to 4COpiOOO* * . • * 

ii* ^rt^e method at claim 3,2, whore in 6 a id stent compriBeB- 
15 ft pQlyin©rlc' material having a * weight ' averagfe xQi^lfscylft r 
weight varying from Jibout.M,ooo to 400,000,, 

23, h ttethod for controJlia'ng the* biitiG -Of bi6a6gri3i*dntion " 
in mammalian ' bo^y tis»Ue :;of .'a b'ioclegradabl e , :. 
bloccuipatible, resorbable ureteral"'*Bt^nt/ by. iwpiantixig a 
20 polymearid* stent* in «ta»imaliaii bo^y tissue. wherelW\fiatd 
polymeric .stent in bioiegraaablCr biocompdtible * and 
scesorbablo and ha* th* ft>lluwing -propertlec; . ** • . 

(a) a. tensile at^:engtn Of ht least about 500 pan j 

(b) an dlqiigattion greater than abQUt 10^, and 
25 (c?) Shore. A hardnasfi;. Oi: about 50 to 100*, 

anS controlling tha rate of biod&gradation of- said 
polymeric .9t«nt from a fev/ wdeks .to a tew nontnrSr by 
Varying' the mlecular weight 0f. ths polymer composition 
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cowprislBCf ttiB atent, froni ^ weJgt^t averagfe molecular 
vsight o£ about SQjOQO to about 1,00(^,000. 

24- Th© iftBthod claijn 23, wherein tnc weight ftv^tiige 
molecuiaT: vel9ht of ^aia polymeric obent vari&B *rom about 
S SOrOOO to about <tO0,00D. 

25. An article of jnanu/aoturo comprising a 
bloaoMpattblo^ resorbable ureteraA stent tiuade £>r: a 
k>ioi3egradable pol.ynu^rlc composition, wherein eaita a tent is 
used for treating ureteral obatrttOtjon and heiis the* 
10 £ol loving propeicti^r. i 

(1) • a tetiSil'fe 6tt6ngth of at leaat about 5DD pat, 

&n alongwtion greater than about lO^r; e^^d 
(ill) Shore A hardneas of 'aboUt 50 .to lOO. 

2«. The Btant ot^ claim ?.5, wherein tha volght average 
1*5 jiioleoular we:lght of siaid polyxfteric coitpDaition varies: - iroin . 
about S0,D0O to 400, POO r 

27. The stent cla.iVA 15, haying a minimum .. curl 

Btxeogth qf ftt least • about 4 grama and a tiiliUrimia brsftk 
atrcngtn about 1-7 pdunds*- 
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Vhifi invention relates to th« propar&tion of 
UtartBral etentsi fxom biodegradabXe poiymcrd! lactic acid. 

Ureteral stanta are often ussd to maintairk flu Id 
drainage from the ronal pf3lvis to tha bladder whon the 
urster la obstruotod or othervdCse Imi^aJ.rod* and al^fo for 
providing ciupport to a collapsed or rctstrictod urdter. 

Very often, ureteri^l etentj^ airo positioned in a patient 
on a t^sisnporary baaia to provide drainage train the kidney to 
the bladdor following surgery, . The stent ia geneijalHy 
golled o^ looped at opposite ends to prevent ' upv^f^rd or - 
downward nigxatlon trora a predetenniiped position In the 
Mroter uaaaed by peristaltic. action or. other body uiDttDn 
that vQuld linposQ foroEB oti the stont to move It tvom its. 
pjredeterminied poaition* 

Certain ureteri>I stents have the capability of infusing- 
tltlids into the ki(1):)ey and are camnunivly referrod to aa 
'^InfUfiion stanta"* • 

In Toaxxy situationa where- the ureteral stent le 
install«4 for short term u,^a^e, an additional surgical 
prooedure nuat be employed to remove the stent aft'ev its 
purpose ba» boon fulfilled. 
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A urct<»ral a tent thai; lis bizide of a biodegrod^ible ri.nd 
biocompatible material would usaure its cafe and innocuous 
diaappoaranuB without the na^d for a second surgical 
pTooecJuro for ita revwval after it hac coDopletexnl it^ 
5 fuinction. 

Canadian Patent Ko* $08,731 to Pouty difidloaes tbe 
preparation of high molecular weight poly lac tid«« wittj aa 
anionic coord JlMt ion catalyct contain! n<| p. divalent metal of 
Group XI of tkxtfi P'oriodic Tabie^ to produco a polymer 

JO containing the dlvdlont cnetal as part, ol th« polylactide. 
Either oprtical ls;omer of lactide may X>o M^^d, and the 
lactide can bo eopolymexized with other cyclic eetera having 
tvm « to 8 carbon atoin^ in the ring, Buch as glycoildc or 
t&tramethyl 9lycolid», 

15 «.*S. Pat«!nt NO. 4,045,4l|l to Sinclair dlriclDsee 

thfitmally etablo copolymiu:» of optical ly inactive lacttdo 
and Epsilon^caprolActone with a. tin est&r of carboxyiLc a^id 
Boi-ving aa a catalyat to prc»3luco throvaway tl^ennoplastio 
objactB that arc «nvironjiieiitaIly attracti^ve because * thsy . 

20 aiowly degrade to hannlo£& subetancesfi Cyclic eetera euch 

afi giycolide^ laotidQ and the lactoneci are a^so disclosed as 
being uaed to produce thermopiadtica . V^^* Fatont Ko. 
4 #057 ^537 alac to Sinclair diecloaes; tho copolymerizatjon or 
glyoolida with lactide and various lactonee to form 

25 copolyisiars which are reported as useful in making absorbable 



4/9/2002 



sutureB* Sinclair 'a primary ob J active ia to prD<aucc! a iion- 
ganuny, lil^h impact, noii-bi:J.ttl«r thermally atable OQpoU»wtcr 
of an o^>tic;ailly active .l^i.otide nnd dpsilDn'oaproSactorxe 
which can be tajpricatoa into varioua themoplastio o&jccts 
5 that are ciif5p&sabl<s and environmentally afctractiv^ sinue 
they degradd into hamleag; £:\)Xi£t^nc;es . 

U.Bk Patent Mo. 3,a44r^P7 Clenclinning et aX/ 
dlacXoeea shaped coqtvklners rabrlcated f^-oia blodeciradablc 
th&nnopla&t.ic oxyalXanoyi polymeTra, ijxich as ^pciioft- 

20 capxolactot)^ polyiAer^, nnd naturall.y occurring bibdegradabLc 
^ubstancea to eervc as containers in wblotl to Cftdmijiate and 
qrov aee^ or Sdodi-lin^a. 

Fat^dnt. No. 3/£3«),956 to Schneider discloE;9i» 
cDpoXymers of L(*-) laDt.\ae with up to 35% glycolldo for use 

1!> in auvglcal applicationu as Buturea and ligatures;. 

U.S* Patcat No. 3;73&,773 to echmiti: et ivl, <5iSCloses 
polv<flyoolic di^ld or polybydroxy^cetic oster can bF? 
surgically used' for a solid prosthenifi or a protective gauffe 
and is abBorb»blo' by living joainiualian tiii&ua, 

20 U.S* Patent Wo, 3,736,646* to Schmitt • difvciosfla a 

copoLymer contain iiigf 15 to 85 mnle% of both glycol ic find 
lactic acicl can bo formed into blodogradable surgical 
atvuctures such aa tubea or sKia^ta or apun as filanaDta to 
prepare suturea. 

3 
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U.S, Pi^tent NO. 4,300,S6ii to TtosariEart et al, 
diBclDs&s a m«tJ:)Od for produciixg &t«rSic ourqtoaX »rt laics 
from a isyntH^tic absorbz^l^le copoX^viW tWM^ by 
copoiyjiia rising gXycQ.lldo m^nomar v/ith a cyclic eater monomer 
5 other than a glycollde, subh zna ^ lacrtcne, oxalate or 
carbanahe • 

w»5. Patont NO. 3,SJi,5&i to Trehu discloses tho 
oC high moiocalar weight pcvlylactidos <jxtnidad to form a 
surgical suture. 
10 U-S. Patent MO* 4,539, 5B1 to 'i'unc diacloBea an 

absorbable bone tixation dsvicB raade ftcoro a polyioer ot 
lactide with an inharent viscnaity above 4,5* 
U.S. patc&nt no*. to Kulkariii disciosets oin 

aaaiinjllable, porous, hydropJ^lllc prosthesis contpofi&d of a 
IS polyjufer ot hydroicycEixbnxyHc aald> with tirto f^referred 
polysner !l>i&ing a lactic ^oi<)l. 

U.S. Patent tfo. 4,l37,{)2i to Okusumi* disJioedd tb6 
fomiatiojx at highly crystalline, f ibor-fothiinig addition . 
eo^clynerB. of laotiia^ and g ly col idc .having Ircra 5Q to 
20 glycolide. lO^e lactide~glycoIj.de- addition e^opolynvaxa are 

highly cryBtalLlro and useful in formijng fibers foi: surgioai 
9uture3» 
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a, 5. Patent Wo* 3,5:39,927 to WasBerrosfj et 3il, diaolofiftf.i 
th& formation oJT a ifjl^li molecular weight l-lactlde/^3.yociliao 
copolymer uai.)fig ek stttiinoua cctQHte catalyet» Th^ oopolyjner 
may be extrudoQ to fooi fjJauionts usaabls as absori>ablfi 

TJtitopeaii Patent Application wo. oaOAMX to Perttl. 
al, cti&clo^da a synthetic polyjoiaric surgical oateoayntbesj.?. 
unatcrlal Absnrbaisie by tte body cgjnpg^ea of e\\cb poliTflOriS esi 
a polyIactiae% 

Other patcints of interest relating to th« propAration 
ot i^olylaotides include UiS. Patent Nos. 2,703^aXES to 
schneidor; 2,8t>0,2Dd to Young at al; 2,362,511 to '^'eeter£!; 
3f]l69,945 to HostBttler «t: al/ 3,28A,417 to HostettXer ot 
al; 2,758,987 to Salzburg et al and Canadian Patent 779,251 
to Kl^lnc* 
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The present: d.nvontioD la baeed upon the eiiwovi^nY ot a 
blcciogrodable^ blocompatilbie, ar^^orbabio ieirusion st^t 
ccnnpri&ing a t^rpolymcr of: 
5 (a) Ue^iclor 

(o) epsilon-caprnlactone* 
This inveBition is also baeed tjpon a Midthod for tre«i,tiw 
ur&tei:^X obstruction or liTupulrmont by utilijsing a 
10 biodegraaabler biocompatible, .TdS or babl& infuB ion stent, and 
a metbo4 tor Controllin9 th<; ratd of biodegradaticT^ ot the 
stent. 

q ^ ^CMTPTTOM Pg THE PRfeyii HRBP nWHODtMEWTa 
lit acGordange vitli the prasent .invention r j-^' beair) 
15 toun^ that a bJoooioipeitiblB, 'kioaegrad^Lbld/. resorbable 
infusion stent can be msvi^e tron a terpalymsic o^i' 

(a) L(-}lacUae, 

(b) qlycolide, and 

{c; <ijpBilqn-capro lactone! , 
20 invent Ivs infusion stsnt had the following 

propeirtlesj 
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(i) a mlnlJiium tensile atr^ti<)t'c\ ot at loast about 
500 psi, ptaforsbly at least about .^.50 pjsi, 

(ii) an oiongatAnn ^re^t^r than ay>out 10*/ 
pirefijxably greatdr than about XOt^^, 

5 (iii) Shore A haMn«i9S of about SO to XOP, 

pretermtoly about '/ Si to SS. 
in addition, thd biodegradable stont is pUaible, apd 
can be fabrioatod nx extruded Into tubing with m j-nsldc 
diaxaeter that can vary '^row abotit 0.050 to about- Q., 075 
10 inches, and an- outside dlavtetor than can vary from about 
0.075 to- about 0«1*20 inches < 

Khe invfintive stent can bs wade tTraTi^parcknt and is- 
biocompiitible*. necauce it ia :s1sq biod^fa^radAblo, the' stent 
disintagiTDteia ia waJiuaalian bo<JY tisisUii, within f gw vtekr. - . 
15 to a ^ew mojitb*,, without \intecf.crln>3 flifith urinary tunctloh. 

Th© inventlvo'.citQnt can. be fabricated with a.pJLlabl^" " 
curl set at each .end by heai sotting' t4chniigueE?/. cari IVs^^ 
Bterilized, and ip capable c^f bping compbundiii ^Ith 
radiopai^ue materials. dUclx a^ barium* f^ul-faf^B, T2ic stmt / 
20 Should ha,ve $ minimum Qurl strangth of ' at leaest about 4* 
<jramfl, and a miiiikum break strcrigtli of abbuti-x.7 pounds. 
Th& stent can aiflO be linprlntod' Vith* biocaih|>at'ible' inka 
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Jlt ha,B boon found that tn« controlling factor in the 
fitiffneas of the texpoXyinor cofflpdditioii used in making the 
atent is the amount ot gpsilon'-capicolaotono vliich can vary 
betwoOA about IS »nd about 25 ^ by wei9?«t ot the terpolyin^r 
<i composition. At ;^)30Ut 1& weight ^ or the terpolyner 

ccaiOLpositiDn becomes ton stiff, and at about 2S weiqbt $ or 
hl<^herp th& cdhipDBxtion becomeQ too pllaMe and woalc to 
construct the stent, A 20 weight .oaprolaotono tarpolyiner 
la most preferrea tor its pliability oharacteristicB. 
iO Th« amountB oC L(-)l€ictide c«n irary from about 4S to n!> 

weight preferably about SS to 75 weight and most 
preferably ftbout €0 to 70 voight * of the terpolyvicsr 
ccaaposltion* 

■Ehe aTUOunts of gUycoiia© can vazy frow A^out 5 to 50 
15 weight and preferably about ip to 30 woi<jht ^ of the 

terpolymer camposiition. The blinding of ttiose cow^^on^nts 
produces b, pliable, tr^neparont, th^cmcjpliiBtlo ola&bOAiar 
that is Mode<3iradable and bioccnipatible^ 

'i^he ineolxani£J»i of hioddgradation of tho Inventive etent 
20 ifl eeaentially one of hy<lrolyaiaf that is, the dsatruction. 
decoBjpositloii, or alteration of the ohcmioai crompn^ltion of 
tho stent by vater to ttie poimt yfh^ta the stent 
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dieliitctqratBS and ie h«rmiOBsly excreted from the Jbody in 
the urikio. At the sane time, cex:t^Xn port Jons of the etent 
vhich are in contact with the body ti<;aLi£k£)( c^&pttytffl Into 
the tis5\ioe. For purposes of tiiifi invention, the torxftS 
'•biodegrad^tion, biodegra4:Ja»>l<^" and the IxJte are inter^dea to 
also incxu^o jnosorption or tftd ;jtftEit in ttie bo^y tjrtSUCrS. 

Xt ha^ been fo^tnd that vh^n the glass transition 
tomperiitu^e {'i'^) of th& bj.odegradAbl© cowijoaition which 
CGODipriaes the stent is leaa than about 3V*C, biodegrad^^tiun 
proceeds ^t d more rapid rate theirj fifhen the la ak>OU& 37 *C 
or greater* 

'fg is d«fix)ed ae a sCiCOnd order tiransition tdnperature 
which ro«Ulta in a die continuity of properties of el polymer 
GoinpQsi^jion. At the T^, ttio polymer vlll ckxan^o from a 
Btifr'to a jnore flexible £st^te, and its d&iisity and 
molecular free voiumd «ill incroase. 

Thus, Moh the ie ios^ than about 37*C, the 
polyroerio composition coinprisiiag the stent bttCoinsH xRore 
susceptible to pojietration by body fluiae and ths time of 
biodegrsdatlon proceeds imore rapidly. 

The proceaa of biodegradatlon of the atet^t b«girwi 
from the tlmo ttxo stent ie initially iiTiplant;dd between tZid 
Xidn«y and bladder. However, the rat^ at which 
blQde/^rad^tton occurs cart be controllea to assura that tho 
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stent wtll function f:or the desired |c>c:rlcid of time, which 
can irango from a iQiitt^r of weeks to two or thiraa roontha or 
e.veii longer tiia reqiiir^^ropnt deniandfit, based upon tho 
individual conrtition and nc^dti of the patient. KOGt 
preferably, the us&ful Ht'c of the stent, La: the tiwe 

during wJilcn the stent continues to f^mction ftnd oparata, 
kLXX vary fram iibout 3 tft 7 weeks i 

PdctDxs whioH dre influential in control. l.i nor thd rats 
Olf bicdsgraclatloRf vhich di.roptly relate to thft uts^ful life 
o£ the stent, include the iRcilocul&l' weight tho fttont * 
coknpasition and the amorphous Diitiiirfi of th^ stent - 
Conxpoaition. A reduction in moleoular Vdi<)ht is indicatlv«> 
of hiodeqratdsition. Th« more anorp^Qiis th^ stent terpo'iynior 
composition is, tho Jf^s:ter it vill J&iodegrads. . " 

The inventive terpblymar should have a weight avorsiijo . 
moleoular Xtfsight of about 5a,D00 td l,0<}Q,0(l6, p'referah3y 
about 50,000 to 400,000, and ig generMly monojacdal with 
rospoct to moieoulur vf eight distribution, 

TJhe inventive teirpolymsr can bo '»6lt proceesiod witHuut 
ddCQ)apQ«in9 at temperaturda of Z30'C and beW, 
T*h« terpolyiner Is thixatroplcs and mDst roadily praceBsai>i« 
at tamparatures from about' 155 to 150*C: 

important factors Involved in tube fabrication inoludo 
the shear rate in the extrud^ar and temperature. 'The 
preferred processing temperature for tube extrusion varies 

10 



Crom about L35 to 150 "C, Procesaiug et All conditions 
voduces t/ve average Tnoiocular weiqiat andi affdct^ all 
iiiolEcules siniilcirly. The ahear rate in the extrudor should 
hfi WAlntainecl rs law aa p^issihle to reduce the nniount oC 
Mdlt fracture and inolecular vciight clacjiraacition. Thus, It ]..'> 
iiftportaiit In the proceetsin^ to preferably maintain the &neai- 
rate in the ©xttudei: to about Syo to moo ue^j"^ tp maintain 
phyeical properties as cloae to thd otiginol iftaterlai 
possible. 

Xt is «&lBo {desirable to incorporate or blend raciliop2LqaB 
materials such as Jaarium sulfate with the teirpoiymer In 
amcunta varyincf from about 5 to 30 weight *, preferably . 
about 10 to 20 vraight % of the terpolyiiiBr composition, ThB 
bariun sulX^ta ia finely Oivided to' & particle size unlch 
juakosr it homocyenaoua and ccwpatible with thfi tex^JoXyiaer^ 
without atf acting it© light. trfjnSWlSfliOn pi?Djj&rtiOfi, A 

auitablo particle sIjib is whero S9% pt the partlclen pass* 
through 325 luesh or a 4? micron operiing, 

The present inventiori «l1bo provides a method tor 
treating ana rewedying a uxetfexal obstructs on or impainnent 
witft a ureteral stent without tho neceBsaty for an 
additional surgical procedure to remove tha stent" after it 
has pBrformeet its Cunction anii io no longer ne^dsdl. OPhe i\se 
of the inventive biojiagradable. biocowipatiblB aiiij re^orbablo 
ureteral at.ent assures its £afe and, innocuouB disappearatica 
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hy biode^^radation ^^t a controlled and pi:e<aict:abi6< rate aft^jr 
th«i stont hiis fulCillod ita fuxiction. The controlled 
prodictohle rato Of biodegradation Is JCtacod upon tiuch 
f actora mol ocular veight and ttXtont of ths znnorphous 
nature of thd torpolymer Dowpcj^itiori. Thus, the only 
surgical proceduro n^cesaary is t>ie initial InsdrtiDn and 
po^itiDnlnq ot ttk^ ureteral at.ent b&twccn Uia kidney arid, the 
bladder. Removfta ir5 accorapljL^hea by J>iodogradation of th£ 
Stent. 

The tollc\jing example? illustrate dpe^ific aiDbodimcnts 
of the pros^nt invention < In the exainplea and throughout 
the invention all part?; and pereentagea are tyy weight, 
unless othdrviee indicated. 

STA R'l'ltfG MATERIAL S 
High".purity L(-) lac tide, is available from' coraciercial 
gourcea, und^r the trademark Cryetalliuation 3'- ' I'roin* rurac * 
Inc.^ atti Hated with cCA biocham bv. ot Th©- Botherlanda, 
aivd under the trademark L-lactide a*, from Henley and Cc*, a 
subsidiary ot »o©hrlnger Xngelheim o£ SeimanY' Glycolide is 
available under the trademark Glycalide s~ freiu Henley ijnd * 
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E^siloii-n&^tToloctDiie having a purity above 99^ it' 
purcki&eed from coramerlcal soutces^ such afl Aldrioh Compauy 
Cataing No. lS73 6-i, and is further purifloci by vacuum 
diatiilXatioa through a Claisen head at 10 to 20 torr, to a 
vatex whitB cut at 90 to ais' c witJki 4 tooiling point ran^o 
of about ±2'C, The diatiliation is diecDntijwecl when tho 
port supply' ia low and with the t«tnper9ture rising at 
OOhBtant prddBure. Tho distill^tia 1« stored undsr a 
jnoiatua:© fwa nitrogen or arf/on atniossphijcrv * 

7he catAlyetj ahannous octoate, ii; &v«illi!ibl« frovi k&7 
Chemicals^ IlahwAy, nJ as an &]ihydr;ous nalution. Al>out 110 
ma^lilitftra of dried CP (certilUd pure) or At» {aci^Xya^ui 
pure) grada toluen^i and 20 milliliters atannoua octOate 
w^e pipetted into* a 200 to 000 ml flask, equipped tfltii 
«ith«?r an ^rgoii or nitrogen purge ^nd a 'Dean-star^ type trap 
that was capped with » Drierite dryin<j tube, I'he ompty ' 
apparatus vas pjreiviouBly flainQ-dri^d and cooled under 
nitrogen » The toluer.e solution was brought to reflux under 
q .nitro<i|an tricine and 10 nillil'itdra was dietllltsd, to 
insure th^t th© last few willilitere wero clear. 
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Example z 

Prepar ation of Tarpo:^ , y jge^ 
65 parts of L(-)XaQtt<ao (li-lactida s"", Kanley ^ncl 
CO.), 15 parta Qt glycolid^ C<^lycolide 5"", flenlev'and Co.), 
and 20 patrts of purified epsilon-caprclactono, fAldrich 
Catalog Mo, 16736-3; Choraical /^loatreiCtS Ko, 502-44-3) ware 
placed in iiiii ampoule £ollov;ed K^y tlxe ndditiozi of 0.10 
lailillltdra ot a stannous outoate uolxitlon in tolucna. 
The azBDunt ot stannous octoate cahalyc^t solvit! on vae; Ovio 
mil 111 iters par 100 gratna of tabal lactlda, giyoDiidd and 
opailon-'capico^aoton*!., VhA ssnpoiile 'was- evaoua-ted vicft a* 
vacuura pump for at lea&t 10 minuteR and soalod at its • 
constrigtion. The contents vere laeitQd by./ljl^cing the 
ampoulo in a 140 to 160"C oil bath, . whila .inLxirwj" tho melt by 
swirling until the welt bcCamo : vi acoua . * Heatiing continued 
JTor About 16 to 72 liours a,t idO to aVp-q- Tho . aanpouiQ-. was . 
removed fran tihe' oil 'bath, Mid caaXed to room tdmp&ratural 
^« t«rpolyiner piroduct' was .ranoveii ,f rojn th.e .ampodlet and ' 
stored in q desiccator. The.terpolyia«r wa& trafiBparent ann 
neairly colorloss.- -Its wight avaraga laoiecular' ff*lg)!it, as- 
measured by gel* permeation chretnatbgraphy (GVCy was greater 
than 100, ouo* ' . 

the preparatory procedure -v^a ags^in repeated U£ing • 
dli£fdr^nt airtounta or th6 cotRponenta a& taburahed izx Tskbl& 1. 

• . 14 . ' ' 
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NUMMARY OF PHYSrCAL i'ROPEKTIKS 
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110 p 36a . (Shore D,75) 
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FQo^inDtog^ f or Table 2 

(a) Average qf 5 specimens^ ASCP« tH63l» ^ 70 mil thiokno^^s, 
croaBhea<S ssp^dci 20 in ./nil). (b) Plastic or jnitial 
tangont vidduJiuB. 

S (o) Shore D: 54 

(a) Crosahead apeed 2 In, /tola. 

(a) Veated at 37 'C. 

Cf) a?Q failure, but 5% to yi.el4, 

10 fianprBflsion HO'ifllni;f gf y^ja2fllaaaj:a 

fiheata of approximately 75 mil ware compxeaeion molded 
In accordance wltU tUo following pL-oceduxe: 

60 grama oft eacH t^expolymer sample prepared 
accordance with i:xaT[iipl6 2 were placed bet^veen silicone 
15 release paper In a poXifihed, atainleee eteel, hixiQfC^ WOiet 
preheated in a press to ths teinperdt\ire» shown in 'Table 3« 

samp 1 ft nci. Kol di nar T&iqip . *P ^aten P reaBure fp.^l i 



1 3.30 S,DOo for 2 miji, 
30 lOydQO for 3 min. 

2 250 etBxn^ M esaxnplo Ho, X 

3 205 V n n II PI 

4 255 " " " *i 
22 5 330 20 r 000 for 1 min. 
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Caiitesct pr&BOure w^a« maii^tdindd on thd mold for 
approacimately 2 to 5 mihutes until the polymflu: flowei? ixito 
the ]no1.<3 cavity. Platen preBB\ir« 0? 5,000 to 2,000 pvViMfi 
was aps^liad far i to 3 mini^tc^ as Shown 7ubl0 2. The 
mold va£ then put into a cooling pross unclGr the san«i platen 
prdsi^ure 9n4 held until cooli^d to room temperature. a>he 
Sheet of polyjucr for each Sample was removed from the tncld 
and release papor and spBcimenB v^re cut from the sheet for 
tensile tc*ts, with the results tabu3.«ted In Table A, 



1 155* 227 

3 162 Ifid 

3 * 446 <69 

4 214 294 

5 2120 31€0 



(a) Elastomer nciduluB Ib psj load at 100% and 2004 
elongation. 
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chayactftrtzf|tiion o-f Molecular Wolcilit: anfl 'Chermal Jroportlea 

A moi^^colnr veight auaiy^is and thermal 
aharactdriaation ot swor&l aaiupleB of l(-)lactide/gLycol£xao/ 
op siloij-capro lactone torpolyiotii: with cnnponent ratioa at 
65/13/20 111 parts by weight was coYiductdd. 

Molecular Vffeight distribution and averages were 
detBrmined uainq d Watdrd Kadel ISO c Ar.c/Gi»c siii: vltb a 
Mod^l d20 data ata^^lQti and Kaxima eoftvare. Oparatiiig 
pasCBXOi^teri; UGod ba determine tH^ i&cl&OUlax weight are listed 
.In Tables 5. 6 shows molBCUlair wei^tita calr<mlated tov 

the BampXes4 

OK^erg^tAnq Param^te-c? gpr M9lfl55ai.j^g-MP^qrtit Analyais 
^ ■ Columiiia: lo*«:i.l>^-l 0^-10^ A fJi Styragel 

Solvent: Burdlck & aacOCj&on- DIC3 Tetrahydrofuran 

Plow Hate; 1 jnl/min 

Injection Vol tins: lOO ;i 1 

'temperature: 23 'c (rt) 

Nominal Ooncentrationj 2 wg/ml 

Detector: Refractive Index 

Standards: Narrow di&tribiatlon pt^lyatyrene 
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Uescription 



M^, l.DO0'» W^p 1000 's 



A^, 5 000 ► a 



Before proceaeinq - 



£»a]lipl9 3 

Beglnn-lng of 
extrusion - 
S simple 1 

Sample 2 

HLdaid of 

Sample 1 

Sample 2 

End of 
extrusion - 
Sample 1 
* * 



145 
104 

10:^ 

as 
«7 



1S7 

310 

173 
228 

X77 

171 
200 



2A2 

300 

303 

302 
•J7B 



1.&6 
2.14 

2-01 
?.*1B 

1.97 
l.S>B 

2*00 
2,07 



Thdj terpoXymeirft wer^i monowoaa]. with* ro^^ect to 
moleculaz' weight dl£brJbution« ' Mthou^fl thd polynejra shoved 
& deer ease In moi ocular veigh'L upon lAcit fdbricatinnr the 
25 docreaae w^s not sigzjxf icatit in tesri»fi of Ipsa o^ pbyajoai 
proper tie©. 

Thexmal gravimetric Dnaly^^B (TGA) &nd differentia) 
scapnin9 calorinatry (Oi$C) w«»rd perfDrmed on the * 
t^rpoiynera . InboRogoneity, £s evidenood by melting painta 
30 of AionoinerB, or vMtHht loss on prograannod haatinq, aa veil 
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as laelting points ot ho]ino£K)lym&rs wae not ddtecftablo. Th& 
terpolymezTB vfivrc puro and hoanogeneaua , and oon-bDinad at moat, 
ppin ^auantiti^d of uaieacted manamer. terpol^'v.^i: couXd 

be molt procdsti^sd yithaut <3i9co2npo&itlon at 27^0" Q and belov. 
Th€i ntatciris^l was thiicortToplc (sboar thinning) and 
processlblt? A^- approxiMAtely 130'-l'ld*C. 

l^orMf^ ^^ff^ of Sinall DiamstBr H'^abea 
A Drabdnd^r dingle screw :)/4 inch dia7ne.ter extruder 
with 30 L/D of!i3 u&ed witli a did to xcanufacturd smcill tube 
diaiaetsrs. The take wp device, « tJniVe>c Take-off flDm C.W. 
Brabender, weig placed att^r a 6 roi^t water bath. Thk 
tdrpolyntdr coupoBltion ot LxamplG 4 va& ufidd. Thd lnitl:il 
^xoceaaing temp^iratvirCS ±"or tUbd oxt^asion wKre 130 to . 
14fi*C* • OT\e ebear rate in tlia extzud«r wsa mdintain<id la thci 
range of 500 to lODC sbc.'^ to manimlse the aino\int of Aelt 
tracturo and uolacular weight d^rad&tion. Olie. molecular 
weights v^r^ detazmined uaing Haulm B20 GPC analyala; 'wUh. 
roftiate: iSham in Table 7 OS £OllOV£s 
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IC Kamb&r Averaga Weight .lVv^raci<s 

tjnprocaas«d 

control 12&412 .295015 

138 10J062 203780 

14B 9(1005 . 176R78 



The eictr4»io]i- tcwporature iprof ile^ tvQW 'tti« f ee^ Bono . 
to th^ die was as folluvs; 

1 {f.e^d) ' 138 

2 • 143." 

3 . - ■ 146. ■ 

4 (die) 148*. 

The t^irpclyjnai: w^B.extrudOd to'pradupe a tul>e'with art inside 
aianater ot 9«072 tnoki sijcid Dutdids di'anetor of 0.111 xach* * 
17hi0 test demonstrated tbat the l^iod'a^radable terpolymsr can 
be extradftd into email txth^» ai^th ths- d'e&ire'd. diai^^ter asitic; 
the procossing condition? doitcribed.- ' Important tactorij 
ilivolv^a in tuba fabrication. verB.ahear hietoity .and 
tQT&per&tare . Prooessin^ at all coiidltion^ reduced the 
nioXfiQUlar w<»ight averages and affected all. molegulo^; 
sltailarly. IChue, it was iaportixiit in the procafislng to ' 
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tnAintain the Bhcar fat^ in the extruder at a minimim to 
TOAi.ntain orxginaj, TotatXCrLsI properties.. X^e procesaincj 
totap^rature also affauted tbe tinal wolecular weiyht. Th& 
higber tliQ proceaain? temperature^ tki$ low&r the calculated 
moloculttr weight averngetf^ Tharefore, it is preferable to 
oparate the extruder at ths low end the proceBslnqr 
tcaaperuture rango of the* terpoiyiaer (138 to 148 ^C), 

Flatlding of l-erpolyvne?: ©aJrinri ffulf«te 

Pi t^rpolyiaar having the oamii composition as that in 
BXftfflpl^ 5 HUB laelt bXeocleU with 12 percent by weight ofr 
small, micron eiz^ particailat^ BaiSO^ on d tvo rol^ mill at 
260'?. The Ba^o^ vas liontogenBous and cQmpatikl& \titx\ tho 
(vorpolymer. The tcrpcayndr resin tiXied ^Ith the DaSO. was 
thon gf round vit.)i clry ico cttid placed in 9\i pvcn atr 100*7 fur 
1 hour to ]?nnove CKC<^Sd ntaistu«re« To complat^ ths drying^ 
the material was placadl In a vacuum even at rqan teinpeTaturo 
□vernicrht. 

The filled copolyhiar was eietKUc^ed into a tube using a 
3/4 inch Brabcndor extruder with ;^0:i length to diauieter 
ratio* Additional dio parte wer« usdd for the stoXI 
cliainet«r r^QuirejtientB . A €-foot vater hat-h and a taKfi up 
davica followed the extnid^r to coo J and oontroi lh€i si 2: a of 
the tubing. Air was hXbo fsd through the loiddlc of thd did 
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to inaintaii) tJie tubs shape until tho jnatorial cool^uS and 
egtabllstiQd its ovn integrity* The final tube diamettf^r vas 
cl^^itominad by balancing the extruder rpm, ftir prsjissure, and 
tal&d up apee4 «ftth the di« almcuifSioiid. TfiB proceeaing 
5 temperaturos in the jTabricatiQH ot th& tubing werr.: 
fTemperature Profile (T) 

290 300 310 320 

a:ite tubipg va9 able to bo iioat-Set into 
10 approifitaately n. X Inch diaittdt^r curl by loQpiiig it around 

or withAfi ^ liiandril, heating thB curled tubing to A^^BQ'C 

iXO^''X?.?."P) and cooling it in plade-* 'i^a curl, thu? -tonned, 

promptly returned to its poaitlan vh«ii str^^ighteAod. 

Thft niolecalar veJLg^t ot thfii DaSO^ filled tarpDlymar 
.\5 tubi«y- wae than dateoaiued/' The woight Avarai^B-, . number 

average-, and Z-av©xag« moieciiXat 'weigfcits, tidspoctrivaly, 

wero 2&0,000; *lS3;0Dfl; and 443,000, Thia dMDonatr^ted that 

thid tarpolyiqex^ can bo proc&sfod to ir^t^in useful propoutlGS ' 

tor applications aa a atsnt* the tubing dxtrudato^ vt^rts' ot . . ' 
20 good quality - emoath, homogonooufi^ tou^h, and elastic* 

PrAliminacy reault? indicated that the tubixig embrittlexl 

aoiAdwhat aftev 3 weeks in contact with aqueous fluids. 

Mthough It was :!;tiil Bosuevhat pli9blef duptilQ failure 

occurred upon handling and bendii^g. that stago, tho 
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}\^, K^,, and K^, respdCtively , wisre 27r<500j 10,400? eind 
Sir ^2:3, '^'^fi palyalsperaity 2.6^, Vhiuh is «i 

9 light increase ovcic the: valuQ o£ 2.0 for bhe unexpoped 
tei:polymer Tabl^f? 7) - 

Di£f«*rential sqanning caloriToetry Ind legated 
GUbstantial hydlrolysio and deqiC9Clftti<?n, Aftdt 6-7 weeka the 
walls Df the twbing appeared mucii thinti/^r. The tErpaiymer 
tubing bat^am^* so£ter apd SO»6Whiit fibrous, ami ahreddcd 
easily into soft pieces. 

Altbflugh Uie GOinpoaltiOfl i^tjmpxiaing the iiri^etit.lvo • 
biodle93CiidabiOr biocompstibiG, re&Drbq^:Le ureteral Stent lieisj 
be^n 61sclDSBd .in thc^ context ot a terpolyinor of L(->lEictii3e, 
glycQLide and epils^on-caprolaotoiie, othdr equivalent 
compositiotiQ arc also cantamplatod ^fi being suitable 
cotnpd^itlonB tor preparing the stent. 

•Dhua^ is CjonteYxplatod that [)(-) lactide, tho. 
internally optically Inactive neBo-iactidc» ahd the optimally 
inaohive racamic or [>,L-lactide can bo substituted Coy ttlO 
3U(-)laotl<jl«. Xt i3 also contemplated that delta- 
valor ©lactone cnn bo substituted for epilaDn-caprolacton&- 

A diacuBBion Of the TOechaniSrti of biodegracJation of 
ttiesB cpmpouncls in the fortn of film?*' is dificlaaed in Fibt eb 
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al "MphAtic PolyBBtera II, Tha Degradation ot Po3y (DL- 
Wictiac) , Poly (JJipilaoTi-caproiactojna) , GtM Theix co-Pol yxoyerF 
in ViVo'S »J.QWArBRIALS, pa^dS 2i5--220, (Vol. II, October 
1963), vtlioh is incorporated by reference herein. 
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